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by the Deparhents of Defense and Commerce h 19b8 t o   ca r ry  out a 
urnfled development  program  amed a t  rneetlng the  stated  operatlonal 

control  sptem. Thls  proJect,  sponsored and fxnanced by the AbDB, 1s 
requrements of t h e   c m o n   m l l l t a r y / c l v l l   a i r   n a n g a t l o n  and t r a f f i c  

a p a r t  o f  that  program. The AKDB 1s located wl th ln  the adnnlnlstratlve 
framework of the Civll Aeronautlcs  Adrmmstratlon for housekeeping 
purposes only. Persons  deslring  to cormnunmate with ANDB should ad- 
dress  the BLreCtoT,  

Aeronautlcs  Admuustratlon, W-9, biashlngton 25, D. C. 
, Alr Pavlgatlon Development Board, Cinl 

The Air Navigation Development Board (ANDB)  was establlshed 



DEVELOPHEIIT A>'D E V W J  TION OF AN L-BAND RECEIVER 
PRE-AJiPLiFIER AMD A TRnGSIiL'ITER PO B R  AMPLIFTER 

SUMMARY 

Thls  report  descrlbes  the development and evaluatlon of  (1) a 
low-nolse rf arlpllfler  deslgned  for  use  as a pre-amplifier  for  the  re- 
celvers of standard CM, Type DTB, DhE transponders, and ( 2 )  a high- 
powered crystal-controlled  pulse  transmltter employlng a klystron  as  an 
o d p u t  2omr  a i p l l f l e r .  Use of t h e   l a t t e r  IS nct  restricted TO DIIE trans- 

p e r n t s  the  assembly of a DZ transponder  provldlng a maxmum range capa- 
poncer appllcatlons; however, m combmatLon m t h  Lie pre-ampllfler It 

blllty  agproxmately  aoxble t h a t  of a stzndard DUE transponuer. I n  t \ e  
course of evaluatzon of  the  hqh-powered,  hlgh-sensltlvlty system, lt be- 
came e n d e n t   t h a t   t h e   s e n s l t l - n t y  and  power output  of  standard  transponders 
1s adequate t o  meet most present-day  operatlonal  needs m-d I t  1s recommended 
tha t  m$ementatlon of the unproved systeq be hmted   t o   spec la l   app l l ca t ions .  

IIJTROIJJCiTCN 

b l l l t y  of UHF comunlcatlons equlpment. Tms i s  par t lcular ly   t rue xhen 
elther  the  sendmg or recelvmg  stat-cn 1s moblle as i s  the  case III the 
Di Z system. 

It 1s d l f f l c u l t  t o  predlct  111th accuracy  the  rellable  range  capa- 

zams, power outputs,  frequencles and m n m m m  detectable  slgnal levels,  
Glven a f lxed   se t  of  system characterlst lcs  lncludlng antenna 

one may a r r l v e   a t  a theo re t l ca lnamum  use fu l  range, usually  referred t o  
aq The free-space  range of the system  under mvestlgatlon. See Appendlx I. 
XaJor d e n a t i o n s  from a range  capablllty computed m thzs  manner occur I n  
practlce due prmari ly   to   the  fol lomng  var lables:  

1. Varlatlons m efyectlve  antenna  gams  with  dlstance, 
elevatlon, and a l r c r a f t  attitude. 

2. I n s t a b i l l t y  of  equlpment characterlst lcs;   prlmarity  fre- 
quency, power output, and recelver   sensi t lvl ty .  

3. Atmospherlc condltlons. 

Ir. Terraln  features  betveen  the  transmlttlng and r ece lnng  
pomts. 

Operatlonal  experience w ~ t h  DNE systems  durlng  the  past  seven 
years  has shown tha t   r e l l ab le  s o h d  coveraqe to   radlo  hne-of-s lght  1s 
not always achievable due to one or more of the above varlables, 
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to the  tune when the  deslgn of the  present DME system was finalized, 

sens l t iv l ty   o f  JNE transponders appreciably. One of  these  tubes,  ldenti- 
showed promlse  of  increaslng  both  the power output and the  recelver 

proved sul table  as an r,‘ power amphfler  capable  of peak pulse power out- 
f led  as  SAL-39, a klystron developed bjr t h e   S p e w  Gyroscope Company, 

puts of  the  oruer of 20 kw a t  ~ I E  duty  cycles, mmpared t o  6 - 8 kw out- 
put  for  standard  transponders a t  a m-um duty  cycle  of  approxmately 
one per  cent. 

Recent rf ampllfler  tube developments,  completed  subsequent 
1 

Recognizmg the   po ten t la l  value of  such a tube, the A n  Nan- 

Laboratones  for  the development of high-powered crystal-controlled 
gatlon Development Board m 19k9 awarded a contract  through Evans Slgnal  

transrmtter  capable  of operating anywhere l n  the frequency  range of 960 - 
1215 Mc. By speclfylng operation throughout i h s  Dand, (allocated  for 
use by a l l  common system nangat lon  a ids2)   ra ther   than restricting I t s  
use   to  DUE whlch occuples the 960 - 990 Mc and 1185 - 3,215 Mc portaons of 
the  reserved band only, the   t ransmit ter   has   far   wlder   applxat lon po- 
t en t l a l .  Thls urnt is re fer red   to   hereaf te r   as   the  MOPAT (master  oscll- 
l a t o r  power amphiier   t ransrmtter)  . 

The other  tube development  whlch played a s i g m f l c a n t   p a r t  in 
the program descrlbed in thls repor t  1 s  the  low-nolse  Western  Electrlc 
WE-hl6A rf ampllfler tube. Thls tube was employed I n  a specially- 

precedlng  the  exlstmg  crystal  muter. In this   case  the t- range  de- 
des lgned   cav l ty   su t ab le   fo r   l n s t a l l a t lon   i n  a standard DIE transponder 

of the DIE band. This development was also  sponsored by ANDB and car- 
slgn was lml ted   to   the   mter roga t lon   f requencles  960 t o  990 !% portlon 

r l e d  on by the CAA Technlcel Development and Evaluatlon  Center. 

THE RF W L I F I E R  

development  of the  radlo  frequency  ampllfler.  Frelimlnary  studies con- 
ducted  by the  contractor   plus   the  fact   that   the   only  other   tubes  prm- 
is ing equivalent  performance were s t d l  I n  development stages, led  t o  

based on a r e l a t lve ly  sunple  cavlty  deslgn. The k16-A tube is a paral- 
the   select lon of the 1,:estern Elec t r lc  b6-A tube  for  the  amphfier,  

le1 plane microwave triode. 

Hazeltme  Electronics  Corporatlon was awarded the  contract   for 

1 

Measurmg Zquipment f o r  A i r  Nangabon, It CAA TD Report No. Ilk, 
June 1950. 

R. C. Borden, C. C. Trout, E. C. Tdilllams, “ U H F  Dlstance 

2 RTCA Paper 27-k8/00-12, 19k8. Report  of  Special Com- 
mlttee 3. 
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I n  the  f lnal   deslgn of the  amplifier and assoclated  canty,  
Input  coupling was accomplished  through a Type BDIC Jack whlch 1s con- 
nected  to a post   located  lnslde a 1-1/2 x 3/l+-inch waveguide mounted 

post  tuned t o  match the 5’2-ohm preselector  output mpedance to the 
on the  side of  the cathode  cavity. T h l s  post  1 s  coupled t o  a second 

cathode c a n t y   I n p u t  m?edance. The p la te   cav l ty  is tuned  by a di-  
electric s lug   mJec ted   in to   the   s lde   o f   the   can ty .  The completed rf 
amplifler i s  shown fig. 1. A dlsassembled  vlew 1s shown i n  Bg. 2, 
while  fig. 3 deplcts   the  ampllf ler   instal led m a DTB transponder. 

ments dlctated t h a t   t h e  mechanical and electr lcal   design of the ampli- 
A g u e  b 1s the schematlc  dlagram. One of  the  speclficatlon require- 

f l e r  be  such t h a t   l n s t a l l a t l o n  can be readlly  acconpllshed i n  the f l e l d  
by mamtmance  technlclans. This requirement was met and the   en t l r e  
lns ta l la t lon   can  be accompllshed i n  less than one hour. 

A l l  power required  for  operating  the rf ampllfier was ob- 
tamed from pmer  supphes  already  contamed III the DTB transTonder. A 

Thls chassis  contams  the  necessary fuslng and a meter jack  for  momtor- 
control  chassls 1 s  mcluded  as a par t   o f  the ampl l f ie r   msta l la t lon .  

lng  the  catnode  current, A monltorlng  meter,  also a par t   o f  the trans- 
ponder, is used f o r  thls purpose. 

Fbllowmg i m t l a l   t e s t s   a t   t h e  manufacturer’s  plant  to  deter-  
mme that  the  speclficatlon  requuements had been met, the rf amplifier 
was dellvered t o  the Techmcal Development and Evaluatlon  Center  for 
t e s t s  m an  operatmg DTB transponder and for  operatlonal  evaluation. 

overal l   sensl t lvl ty   of  the DTB receiver of from 3 t o  6 db depending 
upon t h e   l n l t l a l   s e n s l t l v l t y  of the  recelver prrlor t o   a d d l h o n  of  the 
rf ampllfler. The rece lver   sens l t lv l ty   spec l f lca t lon   for   the  DTB trans- 
ponder spec l f les  a 50 per   cent   t r lggerlng  level  of lJ.8 dbw; however, I n  
actual  operation most units are  providing 120 t o  1 2 1  crow. When the 

pre-amplifier  usually  results  In an  Increase of up to 6 db. I f   the  
or lg lna l   sens l t lv l ty  1s no bet ter   than 118 dbw, the addltlon of the 

o r lgma l   s ens l t l v l ty  IS above 120 dbw, correspondingly  less  Increase m 
sens l t i v l ty  i s  obtamed. 

Tests  conducted a t  TDEC revealed an average improvement m 

A l l f e  test was conducted on the rf preamplifler so  t h a t  
data  could be  obtalned r e l a t lve   t o   gam,  stability, and tube l i f e .  I n  
order  to  leave  the DTB equlpment f r ee   fo r  other tests, the rf pre- 
amplifier was removed  from the  transponder and Ins ta l led  m a bench 
setup to  smla te   ac tua l   opera tmg  condl t lons .  See fig. 5 .  

following equlpment: 
The bench setup  to  test   the  preamplifier  consisted of the 

1. Two Alrcraf t  Radlo Corporatlon WF slgnal  generators, 
Model H-12; one used for   the   loca l   osc i l la tor ,  and the 
other  providing an rf znput pulsed a t  bo00 pps. 



Ir 
A 30 Mc i f  ampllfier and detector nth a bandpass 
of 6 Mc. 

A generator  that  developed  an  accurate 30 Mc pulse 
so that   the   gain of the i f  amplifier  could be ad- 
JUSted I f  needed when measurements of the  rf ampll- 
f ie?   gams were made. 

A Tektromx 512 oscil loscope  to measure the ampl-rtuda 
of the  detected s ~ g n a l .  

A wavemeter t o   d e t e c t  any drlft of  frequency i n  the 
AX generators. 

Regulated power s u p p l i e s   f o r   a l l  BI a d  blas  voltages. 

5 % ~  assembly for   cool lng  the  camty of tRe pre- 
axpl l f le r .  

a m d i f l e r  and of the rf Input  level  necessary  to m a n t a m  a f ixed   mp l l -  
tude of detected pulse. 

kad lngs  were perlodlcally  taken of plate   current  of the rf 

The p la te   cur ren t  of the rf ampllfier  began  to  lncrease some- 
vhat a f t e r  700 haws, from 2 1 ~  ma.to 2h.5 ma. a t  95% hours;  from 2k-5 

t e s t  was conducted  contlnuously  for 1665 hours.  'he  record  of  the 
to 25 ma, a t  1079  hours, and from 25 t o  25.5 ma., a t  1589 hours. The 

mately 2:l  slgnal to  nolse, showed no greater change of input  than 
rf lnput  necessary  to  mamtam a flxed  detected  anphtude, a t  approd-  

made. The tube had not   fa l led  a t   the   concluslon  of  We test .  
1/2 db durmg t h l s  tme,  the lmat t o  whlch measurements could  be 

'Zhght tests of the ground recelver,  other than those con- 
ducted dmmg  the  E-36 f l l g n t  described  later, were confined t o  determi- 
nlng  the  relatlve  strength of  the DME mter roga t lon  and replv  paths. 
h t h  the  amborne equlpment employed UI tnese tests, It has been ob- 
served  alnost  mvarlably i n  We pas t   t ha t  the mterrogattlon  path  faded 
pr lor   to   the  reply  path.  %en usmg  a standard B 8 E  transmitter on the 
ground, but  m t h  the rf m p l l f l e r   I n s t a l l e d  ahead of the  standard re- 
celver,  the  converse was mnvarlably  true. An examlnatlon of the  Inter-  
rogators I n  use and the ground s t a t lon  equipment revealed the above 
findlng  to be contrary  to theory; however, e a r l l e r  systems employed 
r e l a t ive ly  poor control of lnterrogator  output  frequency and it i s  prob- 
able   that  a 2 t o  3 db  degradatlon I n  the effectlve  strengbh of the m- 
terrogatlon  path  resulted  thereby. 
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THE MOPAT 

n s 1 o n  of the Evans Slgnal Laboratories by Vestmghouse  Electrlc 
COrpOrat10n.3  The Technical Development and Evaluatlon  Center d i d  not 
become act lve I n  the   p roJec t   un t l l   the  equlpment  had  been  accepted by 
the  Unlted  States Army and shlpped to  the  Center for evaluatlon. 

The development  of the MOPAT was conducted under the  super- 

The NOPAT consuits of a  complete crystal-controlled  trans- 
m t t e r ,  modulator, and associated power supplles  whxh  can be operated 
m conJunction n t h  any DklE ground stat lon.  The urnt   requlres  oniy 
t h a t  tr lgger  pulses of  the  proper twung and spaclng  be  fed t o  It from 
the assoclated LIME transponder. Thls arrangement allows the  MOPAT 
transmtter  to  operate  Independently of  the ground statlon  transmztter 
and smdtaneous ly   wl th  it, on the same frequency, and In   r ep ly  to  the 
same lnterrogatlon. 

Prellrmnary  steps  In  the  evaluatlon  conslsted  of  determlning 
t h a t  the MOPAT met the  englneerlng  requlrements of the  speclflcatlon. 
Of maJor l n t e r e s t  were porrer output measurements a t  varlous  duty 
cycles. It was found tha t   t he  I~IOPAT dellvered  a m u n m u m  peak power out- 
put of 20 kw up t o  a duty  cycle of one per cent.  Output power  was re-  
duced when operating a t  hlgher  duty  cycles m order  to m a m t a m  an 
equivalent  average power. 

made 1 ~ 1  the same build- m whxh a standard DTB DIm transponder was 
msta l led .  A separate  antenna was used  for  the IIOPAT a t  the same 
helght (35 fee t ) ,   bu t  remoTrea from t h e  DTB antenna by a p p r o m a t e l y  
60 feet. The two antennas were electrically and mechamcally ldentlcal. 
A n e w  of the MOPAT and t h e  DTB transponder  Installed bs shown i n  
rigs. 6 and 7, respectively. No major  problems were encountered In   t he  
MOPAT instal l - t lon  except  that It was necessa ry   t o   l n s t a l l  a vent l la t -  
lng duct w l t h  fan attached  to  the  top  of  the MOPAT cabmet. Th l s  was 
done prunarlly I o r  the  comfort of proJect  personnel  rather  than of 
f ea r   t ha t  amblent  temperatures  mlght  be  detrmental  to  proper  operatlon 
of the   umt .  The MOPAT was later m s t a l l e d  a t  a different slte, with- 
out benef l t  of a vent i la tmg  fan,  where It opera ted   sa t l s fac tor l ly  
durlng L f e  tests. 

The original m s t a l l a t i o n  of  the KOPAT a t  Indlanapohs was 

MOPAT FLIcdfp TESTS 

Fdoknng  engmeermg tests, f l l g k t  tests were conducted on 
the XOPAT t o   d e t e m n e  the mcrease m coverage  over a standard DTB 
transponder. A s  a  convenience to  f l lght   englneer lng  personnel   In  

3 

March 1953. 
Westmghouse Elec t r lc  Corporatxon,  Report 'IT.-h8991C-21, 
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establ lshlng  the  re la t ive  s ignal   amphtudes,   both  the MOPAT and DTB 
equlpments were tuned to   t he  same transmltt lng frequency; namely, 
1188.5 Mc. A l l  lnterrogatlons were recelved by t h e  DTB recelver 
pr lor  t o  instal la t lon  of   the rf amplifier.  After  decodlng,  the 
T'ldeo s lgnal  was permitted to  fol low i t s  normal path and t r igger  
the DTB transmltter;   but It was also dlverted and delayed appro=- 
mately 100 mlcroseconds and used t o   t r l g g e r  a double-pulse  generator 
whlch i n  t.wn triggered  the MOPAT. A block  diagram  of thls arrange- 
ment 1 s  shown i n  fig. 8. 

With this arrangement, the  output  of the lnterrogator  re- 
celver !hen newed on a synchroscop  appeared  as i n  hg. 9, m 5:h:hlch 
botn  reply  palrs may be  seen. In  the  course of observatlon, it was 
noted t h a t  although  the MOPAT reply was generally  stronger, as ex- 
pected, lg some cases  the DTB reply was stronger, due t o  t he  f a c t  
that   the  two transrmtters were usmg  separate  antennas. 

In order  to  determlne  quantitatively that a n e t   g a m  was 
b a n g   r e a h z e d  from the  hlgher powered MOPAT t r a n m l t t e r ,  a number  of 

ponders. A typical polar   pat tern i s  shown i n  Flg. 10. A t  thls tme 
f le la   s t rength   pa t te rns  were obtained  for  the MOOFAT and DTB trms- 

the CTB was o p e r a t m g   a t  a r e l a t lve  power r a t l o  of o n l y  3 db below 
the IIOPFT. h e l d   l n t e n s l t y  IS expressed i n  declbels above r m n m  
trackiry  level  for  the  Interrogator.  

tude  cell lng of the DC-3 a l r c ra f t ,  It was not  posslble  to  determme 

DTB. In  most  cases  observation  of  the  lnterrogator  recelver  out- 
operatlonally  the m-um ran6e obtalnable  wlth  elther  the NOPAT o r  

put  revealed  saturated  reply slgnals a t   t h e  time  of  approach to   the  
radlo  horlzon,  followed by rapid  reductlon LII f l e ld   s t rength   to   the  
threshold  level  withln a dlstznce of  5 t o  8 mlles. In general,  the 
added power of the PIOPAT under thls condlhon, did not  provlde more 
than an addlhonal  2 or 3 mlles   dls tance  a t   the  rad20 horlzon. T h i s  
1s In accordance nth p r e n o u s  experlence nth slrmlar systems. 

Due t o  t%e  hne-of-slght  l lrmtatlon mpDsed  by the alk- 

LOPAT LIFE TEST5 

ments of the MOPAT It was declded, a f te r   opera t lona l   t es t s  had  been 
concluded, t o   l e t   t h e  equlpment operate  contlnuously,  trlggered by 
an external  generator  at  a hlgh  duty  cycle. Thls test las ted  a 
to t a l   o f  1575 hours.  Mamtenance was requlred  foln  tmes  durlng 

695 hours, 
th l s   penod.  The longest interval of  rnamtenance-free  operatlon was 

To ob- mformabon  re la t lve  to   the  mantenance  requlre-  

A Berkeley Model 9035' double-plse  generator was used t o  
provlde a t r lgger   for   the flrst 32L hours  of  the test. The pulse 
spacing was 14 mlcroseconds a t  a p r f  of 2600, the m-m obtalnable 



f rom the  generator. T h l s  resul ted I n  a duty  cycle  of 0.65 per cent. 
me   t r l gge r  f o r  t he   f i na l  1251 hours  of  the t e s t  was provlded  by a 
Hewlett-Packard Model 21211 pulse  generator m n g  a t  a pu lse   ra te  
of hOh0 pps, thus drlrcng  the transmltter a t  apprommately one per 

A Eerkeley Model 554M pulse  counter was used to   ad jus t   the   pu lse  rate. 
cent  duty  cycle. Readmgs  of a l l  meters were recorded  perlodlcally. 

P. Polarad Model ASA spectrum analyzer was used t o  monltor  output pulse 
shapes. 

lockout  seqJence had occurred and the flrst t r lp l e r   g r ld   cu r ren t  was 
negatlve. Th~s tube, a mSOA, 1 s  used to   de l lver   abcut  60 watts peak 
a t  328 t o  405 Mc. m the NOPAT multlpller  cham. It was replaced  af ter  
a t o t a l   l l f e  of 568 hours, and upon app lxa t lon  o f  the 300 - 1700 v o l t s  
dc  plate  voltage,   the flrst t r lp le r   g r id   cur ren t   read   cor rec t ly   pos l -  
tive. Ifhen the  hlgh  voltage was applled,  the t r a m u t t e r   a g a l n  went 
through  the  loskout  sequence and no output was obtamed. Thls was 
caused  by a hlgh  voltage  arc-over  to ground. The arc-over  had  occurred 
on the l l n e   t o  the modulator  plates a t  a p l a s t x  feed-through  bushlng 
l n   t h e  modulator  chassls. A b p &  I n  the  lnsulatlon of t h l s  l l n e  was 
repalred mth S c n a  No. 33 elec-trlcal  tape. The MOPAT was then  re- 
stored t o  operatlon. 

The first failure  occurred a t  144 hours. The transmltter 

After 16 adbt lona l   hours  of operatlon,  arc-over of the 
hlgh  voltage on the same cable  to  the  modulators  occurred  agam. The 

The entlre  hlgh  voltage  cable and plastlc  feed-though  bushmg were 
arc-over  occurred a t  a d l f fe ren t   po ln t  from the  preolous  fallure.  

thm  replaced. The modulator was oleaned of dust,  the  front  panel 
was replaced, and the ?*TOPAT was placed back into  operhtlon. The re- 
peated  arcmg-over was probably due, In   par t ,  t o  dust  thar. had col- 
lected I n  the  modulator  portlon  of  the  chassls. Improper operatlon 
of the vent l la t lng syster mthout  the  front  panel t h a t  covers the rf 
allghment  adJdstments  accounted  for the col lect lon of  dust. 

A t  328 hours  of t h i s   t e s t   ' t o t a l   l l f e  of 752 hours) a 
2326 tube  falled and was replaced. This tube IS used a s  a doubler m 
the  mulbpl ler   c l rcul ts .   After  ruxmmg contlnuously f o r  5L8 addltlon- 
al hours,  the MOPAT was shut  dorm t o  replace a modulator  tube, Type 
kXl000, wblch had  dropped  below the  speclfled  current  tolerances. 
The t o t a l   l l f e  of t h l s  tube was 1303  hours. The otLher  modulator  tube 

hours of contlnuous  operatlon. The t o t a l   l l f e  on thls tube was 2000 
dropped  below the  speclf ied  current   tolerance  af ter  695 addltlonal 

hours. The l l fe   t es t   vas   t e rmina ted   a f te r  a t o t a l  of 157.5 hours. 

adequate t o  provlde  ul tmately an equlpment capable  of  unattended 
It 1 s  concluded from thls test that the NOPAT deslgn 1 s  

operatlon on a contlnuous  duty  basls  provided  that  dual  lnstallatlons, 
automatlc  transfer, and s u t a b l e  mamtenance  equlpment are added. 



a 
E-36 FLIGHT TEST 

Although s t ahs t l ca l   ana lys l s   o f   t he  DIG3 system  lndlcated 

s lght  prevalled  (see Append= I), It was deslred  to  demonstrate 
t ha t  rmge  of  300 mlles  could be obtamed, assummg t h a t  lmne-of- 

dlstance measurement t o  t h l s  range. Through the Air Navigakon De- 
velopment Board, arrangements were made wlth  the USAF Strateglc  A n  
Command to   l n s t a l l   s eve ra l   l n t e r r aga to r s  I n  a B-36 a l r c r a f t  and t o  
c o n d u t  a s p e c l d l   f h g h t  test uslng  the high-power MOPAT, hzgh- 

an a l t l t ude  of 45,OOO f e e t  would be requlred  In   oraer   to   mamtam 
sens l t l v i ty  rf ampllfler, TDEC statlon. Computatlons lndlcated  that  

ime-of-slght a t  300 mlles. 

Ellsworth Alr Force Ease, Rapld C i t y ,  South Dakota. The DIG3 in te r ra -  
gators employed could be mounted conveniently I n  exls t lng shock mounts 
whlch made the lns ta l la t lon   re la t lve ly   smple .  Both h@O cps, 115v ac, 
and 28v dc were available I n  the B-36. 

Tne a l r c r a f t  installation was  made m a B-36 a 2 r c r a f t   a t  

FYenously It had been  declded that  three  types of  alrborne 
equipment would be  tested: 

1. DME Interrogator, Model DIA 

Peak power output - 1 h 
Recelver s ens l t i v r ty  - 112 dbw 

2. DITE Interrogator, Nodel DIB 

Peak  power output - dJ kw 
Recelver s e n s l h v l t y  - 105 dbw 

3. Vanable  Parameter DPIE Interrogator (VPDI) 

Peak power output - - b kw 
Recelver s e n s l h v i t y  - lllr dbrd 

Item 1, naiufactured  by  Federal  Telecommunxatlon Labora- 
to r les ,  1 s  shown I n  F;g. ll. I n  general It has  the  character ls t lc  
deslrable  of an mter roga to r   fo r   a l r l l ne  and other  comerclal   useo E 
Item 2, manufactured  by  the  Haaeltme  Electroncs  Corporatlon, 1s 
shown m h g .  12. In  general, lt has  character is t lcs   deslrable  of an 

4 J. R. Hoffman, R E. Carlson,  "Wcent Improvements t o  
DYE Interrogators," CAP, TD Report No. 212, June 1953. 
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interrogator  for  private and busmess-type a ~ r c r a f t . ~  Item 3 is an 
esbeclally  reaeslgned Model 1356 Hazeltmne ELectronlc  Corporatlon  In- 
terrogator   for  DHE system testmg,  developed a t  TDEC. 

F l e l ab l l l t y  was s t ressed i n  tne WDI deslgn. Both the trans- 
mltter  and recelver may  De manually and contlnous1.y  tuned, and each 
employs a separate antenna.  Gutput power level ,   receiver   sensi t lvl ty ,  
and code and decode pulse  spacmgs may be  vaned I n  f l l g h t .  "he pur- 
pose  of VPDI employnent I n  t h l s   f l i g h t   t e s t  was to   assure   tha t  
frequency-compahble  paths would be obtained on both  interrogatlon 
and r ep ly  and to   take advantage of I ts  hlgher power output and re- 
ce ive r   s ens l t l n ty .  Thls u m t  i s  shorm in fig. 13. 

m l t t l n g  and rece lnng ,  It was necessary  to  provide a t o t a l  of four 
antennas on the B-36. Two o f  *hese were half-wave ver t ical   s tubs 
i n s t a l l e d  beneath  the  nose  of  the  alrcraft. Facn of the  other two 

was m s t a l l e d  on the r l g h t  s ide of   the  a l rcraf t  and the  other on the 
an temas   consuted  of a pa l r   o f  v e r t l c a l  half-wave stubs, one of which 

l e f t  side. These entennas  departed from the   ver t lca l  by approximately 
30 degrees. The two stubs  of  each p a n  were connected i n  pa ra l l e l  
through a T junctlon matched t o  present a 52-ohm impedance. 

Inasmuch as  the VPDI requires  separate  antennas for trsns- 

The VPDI, bel%  fundamentally only a t ransmlt ter  and receiver 
having no rangmg and t rackmg circuits, requires  a  synchroscope for 
observlng the repl:r  pulses and f o r  determlnmg  their  dlstance. The 
synchroscope 1s a l s o  used  as a t m n g  mdioator. A Ih iTont  Type 256-D 
synchroscope  vas  selected  for t h s  a z l l c a t l o n  due to  the  accuracy of 
Its t m l n g   c l r c u i e .  The standard Type 256-D synchroscope p r o a d e s  
range  stroblng  to only 1000 mlcroseconds. This was modlfled t o  pro- 
vide s t robmg  to  3000 mlcroseconds. Ranges I n  excess of 3000 mcro-  
seconds were measured usmg  the EO0 mlcrosecond sweep m conJmctlon 
nth crys t a l  markers. Tne synchroscope  had  been tested  pre-aousLy  for 

kO0 cps power s ~ p p l y .  The complete auborne  installation is shotm In 
sat lsfactory  operat lon and cahbratlon  accuracy when operatlng from 

these equipments was taken  as a spare. 
fig. 14. Two D I B  and two DIA lnterrogators  may be  seen, One each of 

DYE Interrogator, Nodel DIB," CAA TD Report No, 228, January 19%. 
'C. C. Trout, Id. E. Yaworth, "Deve lopen t   o f   Whtmlgh t  

6 R C. Borden, R E. Carlson, J, R Hoffman, H. G. McNurtrey, 
"Dewelopment of a Varlable  Paraneter DKE Interrogator," CAA TD Report 
No. 2b6, September 19%. 
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Slnce  the DIB xnterrogator was orlginally  deslgned  for 

mohfy   the   c l rcu l t s   to  p r o n d e  operatlon  to 300 statute  mlles.  This 
tracklng and searchmg t o  100 statute  mlles only, It was necessary  to 

vas accompllshed smply by maklng the  approprlate RC c l r c u l t  changes. 
The D I A  lnterrogator was a l so  deslgned f o r  range  searcn,  track, and 
lndlcatlon t o  100 n a u t i c a l m l e s .  Because an  electro-mechamcal 
stroblng  range u n t t  1s employed m the DIA equipment, more extensloe 
modiflcations rJere requlred  than 111 the  case of the DIB interrogator.  

Fbllowing the  mstallatron, all lnterrogators  and the VPDI 
were ground checked. The Rapid Clty,  South Dakota DTB transponder, 

means of  checking  the  systems. A I 2  uruts successfully  interrogated 
located  about  four  mlles from the  Ellsworth Alr Force Base provided a 

and recelved signals from thls transponder. 

Take-off for  the fllght test was a t  2h00, CST, January 11, 

mlsslons were conducted a t  15,000 f e e t  durmg the  first 9 hours of the 
l%%, on a  scheduled 20-hour f l lgh t .  Routine a l r   fo rce   t r a l rung  

f l lgh t ;  howeyrer, thls tune  afforded TDEC engineers  an  opportumlty t o  
check operauon  of   the  lnsts l led DIG3 uruts smce   t he   axc ra f t   pas sed  
wlthln range  of  a number of C U  transponders. Durlng this portlon of 
the  f l lght  the  followmg DTB transponders were picked up: Lenngton, 
Nebraska; Grand Island, Nebraska; Butler, Kansas; Kansas Clty, Mlssoun; 
FJlchlta, Kansas; St. Joseph, E ~ ~ s o u r r r ;  Sprmgfleld,  PSssouri; Memphis, 
Tennessee; Atlanta, Georgia;  Spartanburg,  South  Carolma; and Charles- 
ton, South  Carolma. 

In  general,  the m u m  distances obtalned were frm 150 - 
170 statute mlles. However, ranges up t o  212 s ta tute   mlles  were  ob- 

15,000 feet. 
t amed from the Spartanburg  statlon whlle the arcraf t  w a s  st111 a t  

Upon reachlng P a r n s  Island, South Carolma,  the  alrcraft  
proceeded due n o l a  and a f t e r  flying over Shaw Alr Force Base, South 
Carolma, began the  ascent from 15,000 t o  k0,OOO feet .  An a l t l t ude  of 
hOo,OOO f e e t  I E X  was reached a t  0930 CST, a t  which tune  the  a l rcraf t  was 
on a heading 310° t rue  t o  1ndlanapoI.u. A t  1007 CST t r a n m r s s i o n s  *con 
the  MOPAT were *st observed a t  the VPDI recelver  output. A t  1030 

reply was observed  synchroruzed a t  2JJ6.5 s t a tu t e  mles. The a i r c r a f t  
CST, the VPDI successfully  lnterrogated  the TDEC ground s t a t lon  and the 

passed  over a t  1153 CST. Computlng ground  speed between  1030 and 1153 

m l s d w w e r e  first observed,  the a i r c r a f t  was 3a.9 s ta tu te   mi les  from 
CST and extrapolatlng back t o  1007 CST lnd lca t ed   t ha t   a t   t he  tlme trans- 

the  s ta t lon.  

h r m g  the Inbound f h g h t ,   t h e  D I A  latched on a t  212  statute 
mrles and the DIB at  23h s t a t u t e  mlles. Atlanta ILS DF:E was m d i -  
cated a t  253 s t a tu t e  mxles on the DIA. A f t e r  f l p n g  over  Indianapolis, 
t h e   a l r c r a f t  assumed a  course  of 0570 and on the outbound leg, synchro- 
=zed reply slgnals were o b k n e d   t o  2h8 s t a tu t e  miles nth the VF'DI. 
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In t h i s  case, the   reply  path  faded  before  the interrogation path. 

path would have  lasted., ?he reversal   of  path  fallures mbound and 
It was not   posslble   to   detemlne how  much longer  the  lnterrogatlon 

outbound is belleved due to   the   fac t   tha t   the   rece lv lng   an tenna  was 
located m the  nose  of  the  arrcraft and the  transrmtting  antennas 
were on the  s ide o f  the fuselage. 

co~~cLusIoNs 
It i s  concluded that   the   addl t lon of the rf amplifier and 

the NOPAT t ransmi t te r   to  a standard Dm ground statlon  provldes a 
means of approhately  doubhng  the  f ree-space range. I n  actual  

present day a l r c r a f t  seldom f l y  hlgh enough t o  maln ta in   he-of -s lght  
pract lce  t h l s  advantage i s  seldom reallzed due to   the   fac t   tha t  

t o   t h e  ground s ta t lon  a t   t h e  ma- dlstances whlch may be  obtained. 

Implementation  of  the new equlpment would provlde  an ad- 

many cases  mlght  be  helpful  In  over-rldlng  the  slgnal  reductlon  mtro- 
dl t lonal   tolerance on both  lnterrogator and reply  paths, which m 

duced by n u l l  are2.5, e l the r  i n  the  airborne  antenna  polar  patterns 

discussed. However, the  present I?ME system 1 s  reflned  to  the  degree 
or  caused  by  frequency mstabl l l ty ,   or   by  other   var lables  previously 

that  solid  coverage 1s generally  obtalned mthm the  hne-of-sight 
l l rmtat lon,   mth  the  except ion of comblnatlons  of  unfavorable  factors, 
such a s   a l r c r a f t  banlrlng i n  a ground nul l   a reao  An addltlonal 6 db 

the  unmcdlfled DIU remms  operatlonally  acceptable,  It i s  doubted tha t  
still could  not  prevent loss o f  slgnal m all cases; and as  long as  

multitude  of  problems  assomated n t h  monltormg, maxntenance, outages, 
mass conversion of standxd  transponders 1 s  economlcally  feaslble. A 

version. 
prbcurement, etc., would c e r t a m l y  accompany sucn a na t ronnde  con- 

On the  other hand, when ground s t a k o n   s i t i n g  is  such t h a t  
coverage a t  the  lorrer  altltudes (20,000 f e e t  and below) can be m- 
creased appreciably by  addltlon  of MOPAT and the rf anphf l e r ,  It m a y  
be f eas lb l e   t o  make modlflcatlons. 

One advantage  of a hlgher powered and more s e n s ~ t i v e  trans- 
ponder 1 s  the   resul tant   s implif icat lon of  the  airborne equlpment which 
may be accomphshed. It has  been found tha t  an  output  of 500 watts 1s 
the lowest which ?Jill st111 provide  re l lable   service n t h  present 
ground rece iver   sens l t iv l t ies .  An effective  Increase of 6 db m 
ground rece lver   sens l t lv l ty  would p e m t  a reductlon i n  airborne in- 
terrogator  transmltter  output to 125 watts. Inasmuch as t h e  present 
t rend  In   mterrogators  i s  toward d i rec t   c rys ta l   cont ro l ,  i n  sp l+s  of 
t!Ie difficulty of obtamlng power ampllficatlon a t  the  output  fre- 
quencies, a s tep  I n  the  nlrectlon of lower power  would s i g n f l c a n t l y  
reduce the s u e  and comple~ty   o f   the   t ransml t te r .  
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Increased transmitter output from the  transponder would 
i n  l lke manner permit a smpier  Interrogator  receiver. 

It should be polnted  out, however, t ha t  unless a l l   t r a n s -  
ponders  are  moilfled,  Interrogator  manufacturers  cannot relax the 
POW and s e n s l t i n t y  requlrements of alrborne  urnts. 



APPENDIX I 

CalculatJon of &ee-Space Range of DIE Systems 

unless  satlsfactory  receptlon 1s ob tamedan  00th lnterrogat lon and 
reply  paths. In order   to  compute the  free-qace  range of the system, 
lt 1s necessary  to  calculate  separately  the m a x l ~ l l u m  range f o r  both 
the  lnterrogatlon and reply  paths and then  to   accept   the  lesser  of 
these two as the system  free-space  range. 

DME 1 s  a two-way comumcatlon system, and 1s valueless 

a t  a glven  wave-length IS det,ermined  by the  radlated power and by the 
Fludamentally,  the  free-space  range  of a commwcatlon  link 

mmmum detectable   s lgnal   level  of the receiver. When e l t h e r  the re- 
celvlng or transrmttlng  antenra  or  both have gam,  this   factor  must 
a l so  be conszdered. I n  a p rac t l ca l  system, losses   lncurred  In  rf 

wavelengtis. 
transmlsslon  cables  cannot be ignored, particularly a t  the  shorter 

flgure whlch may be convemently used xn comparlng the  range  capabll- 
i t y  of two U e  systems  whxh  differ rn sens l t l v l ty  m-d power 

mum range c a p a b i h t y   f l y r e  of e l the r  system. The most significant 
alaracter ls t lcs ;   but ,  it should  not be consldered  as a prac t lca l   man-  

smgle reason xhy this cannot  be done 1s t h e  mde varlatlon  durlng 

plained  In   this   report ,  the effectlve  antema  gains  vary n t h  2;rcrdt 
actual  operatlon of the  instantaneous effectlve antenna  gams. As ex- 

dlstance,  altltude, and at t i tude.  

The calculated  free-space ranee of a system provldes a 

be computed from the gerrsral transmission f o h u l a  
The aaxmum usable  range  of a one-way comunicatlon  path may 

where : d = free-space  range, m the same w t s  aa 

Pr z rml l l~~um detectable slgnal l eve l  m watts a t  the re- 
celver  terminal 

A~ = effective area of transmittug  antenna = Gt A 
R, effect lve  area of recelvlng  antenna 

7q- 
%- 

Pt : power output of transmltter In watts 

)> operatlng wavelength, i n  any convenient  uxuts 

G t  = transmlttlng  antenna  gam,  as a dimensionless power 

Gr = receiving antenna  gain,  as a dmenslonless power r a t l o  
ratxo 



Ron the above fornula and the  data l n  Table I, the fiee- 
space  range  of various equpment  comblnatlons may be calculated. These 
ra lues  are enumerated I n  Table 11. In each  case  the  underllned  value 
denotes  the  llmlting  range  for  the system under conslderatlon. 

TABU I 

Equipment - P G 
t (kw) r Gt 'r (dbw) 

DTB 5 1r 1r -118 

DTB ( w l t h  fie-Amp) 5 4 1r -1 21r 

DTB (wlth NOOPAT) 20 1r 1r -116 

DTB (wlth  both Pre-Anp 
and MOPAT) X) 4 4 -124 

DIA 1 2 2 -112 

DIB 0.5 2 2 -108 

VPDI b 2 2 -1l4 

Note: For ln te r roga t lon   pa th   ca lcu lakonsh  = 9.8 cm. 
&r reply  path  calculat ions A =  251x1 

6 db cable lass is  Included I n  each 
c d c u l a t l o n  (3  db ground plus 3 db a r b o r n e )  

(1) 

TAELE I1 

FREE SPACE M q G E  OF DE3 EQUIR+lElTTS 
(Statute  ITxles) 

DME Type 
Interro-  Interro-  Interro- 

TranTonder  gatlon  %Ply  gatlon Reply ga tmn Reply 

DTB 538 - 453 380 - 276 1076 - 567 

DTB and Be-Amp 1076 760 - 276 2152 - 567 

DTB and MOPAT 538 906 3 80 552 1076 - 113& - - 
DTB, MOPAT and 

Pre -Amp 1076 - 906 760 552 - 2l.52 113h - 
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